A series of 5-spirocyclohexyl-3-(2,6-dimethylphenyl)-1,5-dihydro-2H-pyrrol-2-one derivatives (3) with various substituents on the spirocyclohexyl ring was synthesized and evaluated for its insecticidal activity against the aphid, Myzus persicae. Substituents at the 1-and 4-positions of the dihydropyrrole ring were also varied to optimize the activity. An investigation of the structure-activity relationship revealed that methoxy, alkoxyalkoxy, ethylenedioxy and methoxyimino groups were favorable as substituents at the 4-position of the spirocyclohexyl ring. The activity was optimized by the respective substitution of a methoxy or methoxymethoxy moiety and cyclopropylcarbonyloxy group at the 1-and 4-positions of the dihydropyrrole ring.
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In our previous studies searching for new insecticidal compounds against sucking pests, we have reported the synthesis and insecticidal activity of a new series of N-oxydihydropyrrole derivatives (1, Fig. 1 .) [1] [2] [3] which were designed according to the insecticidal and acaricidal agents disclosed by Bayer's groups. [4] [5] [6] [7] These new derivatives exhibited high systemic insecticidal activity against such sucking pests as the brown rice planthopper ( Nilaparvata lugens ) and green peach aphid ( Myzus persicae). The aŠect-ed insects died before or during ecdysis without completing molting. This symptom is unique for those hemiptera pests, and the derivatives appear to provide a new mode of action, a feature that is always desirable as a property of new insecticides.
In the initial report, 1) our interest was focused on how modiˆcation at the 1-position of the dihydropyrrole ring (-OR group in the structure of 1) in‰uenced the insecticidal activity. The 3-and 5-positions of the dihydropyrrole ring of the derivatives being evaluated were set to the mesityl and dimethyl groups, respectively. The early structure-activity relationships revealed that such substituents as small alkoxy and alkoxyalkoxy groups exerted more potent insecticidal activity than others. In the second report, 3) we investigated the biological eŠects of substituents at the 5-position of the dihydropyrrole ring (A and B groups in the structure of 1), and discovered that those derivatives with a spirocyclohexyl group had high insecticidal activity against M. persicae. When the methoxy group was introduced at the 4-position of the spirocyclohexyl ring (2), the insecticidal activity was clearly enhanced.
Intrigued by these results, we next wanted to explore further modiˆcation of the spirocyclohexyl part and try to optimize the activity by altering substituents at the 1-and 4-position of the dihydropyr- role ring. We report here the synthesis of the derivatives (3) and their insecticidal activity against M. persicae.
Materials and Methods
Synthetic procedure. All melting point (mp) data are uncorrected. IR spectra were measured with a Perkin-Elmer 1600 spectrometer.
1 H-NMR spectra were recorded at 200 MHz with a Varian Gemini 200 spectrometer, using tetramethylsilane as an internal standard. Mass spectra (MS) and high-resolution mass spectra (HRMS) were obtained with Jeol JMS-D300 and VG Auto Spec M mass spectrometers. Regular silica gel (Daisogel 1001W, 63-210 mesh) was used for all column chromatographic procedures, except for the puriˆcation of hydroxyamine, which was performed with neutral silica gel (silica gel 60. spherical. neutrality. 150 mesh, Nacalai Tesque).
Physical and spectral data for the prepared compounds are listed in Table 1 .
Ethyl 8-hydroxyamino-1,4-dioxaspiro [4, 5] decane-8-carboxylate (6a; general procedure for 6b, 3) 6c and 6d). A hexane solution of n-BuLi (1.54 mol W l, 7 ml, 10.8 mmol) was added to a stirred solution of diisopropyl amine (1.55 ml, 11.1 mmol) in tetrahydrofuran (THF, 10 ml) at -789 C, and the reaction mixture was stirred at the same temperature for 1 h. Ethyl 1,4-dioxaspiro [4, 5] decane-8-carboxylate 8) (4a, 1.78 g, 8.30 mmol) was added at -789 C, and the reaction mixture was stirred at the same temperature for 1 h, mixed with 1-chloro-1-nitrosocyclohexane (5, 1.63 g, 11.0 mmol) at -409 C, stirred at the same temperature for 1 h, mixed with 1 N HCl (16 ml), and nally stirred at ambient temperature for 3 h. The water layer was separated, washed with hexane, adjusted to ca. pH 9 with NaHCO3 and extracted with EtOAc. [4.5] decane-8-carboxylate (8a; general procedure for 8b, 8c, and 8d). A solution of (2,6-dimethylphenyl)acetyl chloride 9) (7, 1.21 g, 6.6 mmol) in EtOAc (8 ml) was added dropwise to a stirred two-phase solution of 6a (1.47 g, 6.0 mmol) and NaHCO 3 (0.75 g, 8.9 mmol) in EtOAc (8 ml) and water (10 ml) at 09 C. The temperature was allowed to rise to ambient temperature while stirring, which was continued at the same temperature for 3 h. The organic layer was separated, washed with brine, dried over MgSO 4 11-(2,6-Dimethylphenyl)-12-hydroxy-9-methoxy-1,4-dioxa-9-azadispiro[4.2.4.2]tetradec-11-en-10-one (9b; general procedure for 9a, 9c-j, 13a and 13b). Iodomethane (0.07 ml, 1.16 mmol) and NaH (60z dispersion in mineral oil, 45.0 mg, 1.12 mmol) were added to a stirred solution of 8a (0.39 g, 1.00 mmol) in N, N-dimethylformamide (DMF, 4ml) at 09 C, and then the reaction mixture was stirred at the same tem-perature for 2 h and further at ambient temperature for 1 h. DMF (4 ml) and t-BuOK (0.17 g, 1.51 mmol) were added at ambient temperature while stirring, and the resulting reaction mixture was further at the same temperature for 2 h. 
An aqueous 1 N HCl solution (60 ml) was added to a solution of 8A (6.00 g, 15.3 mmol) in THF (80 ml), and the reaction mixture was stirred at 609 C for 1.5 h. The mixture was poured into brine and extracted with EtOAc. The combined organic layer was washed with brine, dried over MgSO4, and concentrated under reduced pressure to a syrup. 
cyclopropanecarboxylate (15a). Sodium borohydride (NaBH4, 0.15 g, 0.40 mmol) was added to a stirred solution of 14b (0.64 g, 1.55 mmol) in methanol (10 ml) at 09 C, and the reaction mixture was stirred at the same temperature for 30 min. The mixture was poured into ice-cooled 0.5 N HCl and extracted with EtOAc. The combined organic layer was washed with brine, dried over MgSO 4 (8 ml) at -109 C, and the reaction mixture was stirred at the same temperature for 1 h. 1 N HCl was added at 09 C and the resulting mixture was extracted with EtOAc. The combined organic layer was washed with brine, dried over MgSO4, and concentrated under reduced pressure to a solid. Puriˆcation of the solid by silica gel column chromatography (EtOAc W hexane, 1 W 2) gave title compounds 15b as the less-polar product and 15c as the more-polar one. Insecticidal tests against M. persicae. Both systemic and spray tests were conducted against M. persicae.
Each compound was formulated as an EC and then diluted with water containing a surfactant (Gramin-S; 0.01z v W v) to give the active ingredient (AI) concentration required to assess the activity level. The activity ratings are expressed by aˆve-point index (0, 1, 2, 3, and 4) corresponding to 0-29, 30-59, 60-89, 90-99, and 100z mortality.
Systemic test. Brassica campestris, a type of Chinese cabbage, was cut at the stem and infested withˆve adult M. persicae on the leaves. After 2 days, all of the adults were removed, and the number of remaining larvae was counted. The cut edge was soaked in a test solution in a ‰ask, and the whole test unit was incubated in a growth chamber under longday (16L W 8D) conditions at 259 C and 60z relative humidity. Duplicate experiments were performed. The numbers of live and dead insects were counted after 5 days of the treatment, immobile insects being counted as dead.
Spray test. Brassica campestris was cut at the stem and infested withˆve adult M. persicae on the leaves. After 2 days, all of the adults were removed and the number of remaining larvae was counted. The leaves were sprayed with the test solution, and the whole test unit was incubated in the growth chamber under long-day (16L W 8D) conditions at 259 C and 60z relative humidity. Duplicate experiments were performed. The numbers of live and dead insects were counted after 5 days of the treatment, immobile insects being counted as dead.
Results and Discussion
Scheme 1 outlines the general procedure used to synthesize derivatives 9a-j and 10a-p. Appropriate esters (4a-d) were transformed to the corresponding hydroxyamino acid esters in the direct manner by using 1-chloro-1-nitrosocyclohexane (5).
2,3,10) Compound 6 was converted to the N-acylated derivative (8) under two-phase reaction conditions 1-3) with 2,6-dimethylphenylacetyl chloride (7).
9) The reaction of 8a-d with an alkylating reagent, using NaH as a base, and subsequent treatment with t-BuOK aŠorded cyclized compounds 9a-j. Several substituents such as an acyl group were then introduced at the 4-position of the dihydropyrrole ring to give compounds 10a-p.
Scheme 2 shows the methods used to modify the 4-position of the spirocyclohexyl ring. The useful intermediates with a carbonyl moiety (14a and 14b) were obtained by the following 4 steps: (1) removal of the acetal group of 8a; (2) methylation or methoxymethylation of the hydroxy group; (3) cyclization by treating with t-BuOK; and (4) acylation. The reduction of 14a with NaBH 4 gave hydroxy derivative 15a. The Grignard reaction with methylmagnesium bromide aŠorded adducts with the methyl and hydroxy groups (15b and 15c). Treatment of 14a or 14b with trimethyl orthoformate, ethylene glycol or 1,2-ethanedithiol in the presence of p-toluenesulfonic acid monohydrate gave the corresponding acetal derivatives (15d-h). Since the treatment of 14a with O-methylhydroxylamine hydrochloride in the presence of a base gave a complex mixture, we started again by converting 13b to oxime ether 16, and subsequently acylated 16 to 17.
Lead compound 2 was one of two possible diastereomers, and its relative conˆguration has not yet been determined. To simplify this conˆguration problem, weˆrst introduced an ethylenedioxy moiety in place of the methoxy group, and found that resulting compound 9a with a 2,6-dimethylphenyl group at the 3-position and methoxymethoxy group at the 1-position exhibited stronger insecticidal activity than that of 2 ( Table 2 ). This result prompted us to investigate the biological eŠects of the substituents at the 1-and 4-positions of the dihydropyrrole ring by xing an ethylenedioxy moiety on the spirocyclohexyl ring in theˆrst place. Table 2 gives the data from the insecticidal evaluation of derivatives 9a-j against M. persicae, summarizing the eŠects of the substituents at the 1-position of the dihydropyrrole ring. Small alkyl and alkoxyalkyl groups were mainly introduced because we observed that other functional groups deactivated the molecules when the 5-position of the dihydropyrrole ring was substituted with a dimethyl group. 1) Derivatives with propyl (9d), isopropyl (9e), cyclopropylmethyl (9g), and methoxyethyl (9h) groups showed highly systemic activity which was comparable to that of 9a and much stronger than that of the 5,5-dimethyl derivatives previously investigated. 1) However, those derivatives were less active by spray application.
Aiming to improve the activity by spray application, we attempted to add lipophilicity by introducing substituents such as an acyl group at the 4-position of the dihydropyrrole ring. We chose N-methoxy derivative 9b as a precursor because of its simple Scheme 1. General Synthetic Routes to 9a-j and 10a-p. Scheme 2. Synthetic Methods for 15a-h and 17. structure and high insecticidal activity. The e‹cacy in the spray test tended to beneˆt from their introduction as shown in Table 2 . It is interesting to note that the acetyl (10a) and cyclopropylcarbonyl (10d) groups increased the systemic activity as well as the spray activity. The other groups tended to elicit adverse eŠects on the systemic activity. Since a cyclopropylcarbonyloxy group was proved to be one of the best substituents at the 4-position of the dihydropyrrole ring, we introduced that group to 9a and found that the resulting derivative (10j) bearing a methoxymethoxy group at the 1-position of the dihydropyrrole ring also showed complete control in the systemic and spray tests at 0.01 and 1 ppm, respectively.
We next turned our attention to modifying the 4-position of the spirocyclohexyl ring for a further structure-activity relationship study. Alkoxy, alkoxyalkoxy, hydroxy, carbonyl, acetal, thioacetal, and alkoxyimino groups were introduced afterˆxing a cyclopropylcarbonyloxy group at the 4-position of the dihydropyrrole ring, in which the 1-position was varied with a methoxy or methoxymethoxy group. The results of the insecticidal evaluation of these compounds are summarized in Table 3 . Compounds with alkoxy or alkoxyalkoxy groups such as methoxy, methoxymethoxy, and ethoxymethoxy substituents (10k-p) retained relatively high spray activity. In the systemic test, compounds 10k, 10m, 10o and 10p were less active than 10l and 10n. Carbonyl (14b) and hydroxy groups (15c) inactivated the molecules. The less-polar diastereomer (15b) with methyl and hydroxy groups was active, but the more polar one (15c) did not show any activity. Acetal derivatives 15d-g showed relatively high spray e‹ca-cy but tended to have lower systemic activity. Dithio acetal derivative 15h had no insecticidal e‹cacy in both the systemic and spray tests at the low concentrations presented in Table 3 , while it showed insecticidal activity at a higher concentration (200 ppm) in the spray tests. O-Methoxymino derivative 17 showed high systemic and spray activity. These results suggest that a hydrogen bond acceptor at the 4-position of the spirocyclohexyl ring may have played an important role in the insecticidal activity. A further study for more information is currently underway.
In conclusion, we explored synthetic procedures to modify the 4-position of the spirocyclohexyl ring of the 5-spirocyclohexyl-3-(2,6-dimethylphenyl)-1,5-dihydro-2H-pyrrol-2-one derivatives (3), together with optimization of the substituents at the 1-and 4-positions of the dihydropyrrole ring. The structureactivity relationship study revealed that methoxy, alkoxyalkoxy, ethylenedioxy, and methoxyimino groups on the spiro ring led to high insecticidal activity against M. persicae. The highest e‹cacy in both the systemic and spray tests was obtained for the compounds with an ethylenedioxy group at the 4-position of the spirocyclohexyl ring, a methoxy or methoxymethoxy moiety at the 1-position of the dihydropyrrole ring, and a cyclopropylcarbonyloxy group at the 4-position of the same ring (10d and 10j).
